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With use of a specially designed gradient-generating system, of anion-exchange resins of 10-20 im particle diameter, and of an orcinol solution in concentrated sulfuric acId (1 g/lfter) as detection reagent, a mixture of 16 carbohydrates can be separated in less than 4 h. The limit of detection for most sugars is in the 0.1-2.0 nanomole range. The detection reagent is stable for months and does not become colored. The reagent mixes with the column effluent in an exothermic reaction and allows use of relatively short mixing coils. The analyzer Is appropriate for Investigating body fluids rapidly and with high sensitivity. We used anion-exchange resins DA-X4 and DA-X4F (Durrum Chemical Corp., Palo Alto, Calif. 94303). The average particle size of these 4% crosslinked polystyrene resins was 20 ± 5 im (SD) for DA-X4, 11 ± 1 im for DA-X4F. The prewashing column was filled with a Dowex 1 X 4 resin (200-400 mesh).
The borate buffers were prepared by dissolving boric acid in doubly distilled water and adjusting the pH to the desired value with NaOH solution.
To regenerate the resin, we used a solution of 100 g of potassium tetraborate tetrahydrate in 1 liter of deionized water. The frequency of regeneration depends on the purity and the salt content of the samples.
The orcinol/sulfuric acid reagent was a solution of (1) adlent generator, (2) equilibratIng-buffer reservoir, (3) regeneratIng-buffer reservoIr, (4) micro pump, (5) pressure gauges, (6) prewashlng column. Figure 2 shows the gradient-generating system we used to analyze complex carbohydrate mixtures; it is similar to that devised by Chilcote et al. (1) . Two chambers are filled with a diluted (buffer A, 0.1 mol/ liter, pH 8.0) and a concentrated (buffer B, 0.5 mol/ liter, pH 10.0) buffer, which were mixed in the specially designed device illustrated.
Because the effluent volume of chamber I (containing buffer A) is large in the beginning of a separation as compared to that in chamber II (filled with buffer B), the borate concentration increases as the separation progresses, and at the end of the separation almost pure concentrated buffer B is being pumped into the column. Thereupon, pure buffer A is admitted to the resin for equilibration.
With this system the buffer gradient illustrated in Figure 3 is generated. The buffer pumping system for the analyzer consists of a Milton-RoyDosapro micro pump, an air-bubble controller, and a pressure gauge. As prewashing column, a glass tube (8 cm x 0.9 cm i.d.) is used, which is filled with a Dowex 1 X 4 resin of 200-400 mesh.
For the separations we used glass-jacketed highpressure liquid-chromatographic columns of different inner diameters and lengths, with sample injec- The water in the colum jackets was heated by a constant-temperature water circulator. We tried pumps of other types, but they could not withstand the corrosive orcinol/sulfuric acid reagent as well as did the Milton-Roy-Dosapro micro pump, which was modified as follows. The head of the pump and the back-pressure valves, originally made of steel, were replaced by polypropylene ones. The problem of corrosion in case of a leak of the pistonrod gland was avoided by coating the readjusting spring with Teflon. A small disk of Teflon at the end of the piston sufficiently protected it from the reagent. The lower part of the pump was also replaced by polypropylene.
The effluent from the column and the orcinol/sulfuric acid reagent are mixed in a polypropylene mixing tee, which is connected with a 20 m X 0.7 mm Teflon coil. The coil is heated to 98-100 #{176}C in a water bath.
We used a Biotronik BT 6620 spectrophotometer The chromatograms were recorded with a Philips PM 8221 recorder.
Results and DIscussion
For several sugar-analyzing systems (2, 3) the orcinol reagent is prepared by dissolving 1 g of orcinol in 1 liter of 70% (by vol) H2S04, but this orcinol reagent becomes brownish after being stored longer than three weeks in the cold, and higher blank values and lower color yields are obtained (3) . The stability of the orcinol/sulfuric acid reagent can be improved considerably by instead dissolving 1 g of orcinol in 1 liter of concentrated sulfuric acid (95-97% H2S04). This orcinol reagent is stable for months without forming brownish by-products. The color yield was greatest with use of 50% sulfuric acid after a reaction time of 3 to 4 mm.
The limits of detection were in the range of 0.i to 2.0 nmol per component.
The color yields for 16 carbohydrates were established (Table 1) . Figure 4 shows a typical chromatogram of a 16-component sugar standard mixture prepared with use of a DA-X4 resin (4% cross linked; particle diameter, 2-± 5 am).
The separation requires about 5 h and the experimental details are given in the legend of Figure 4 . Figure 5 shows the separation of the same 16-component mixture as in Figure 4 , on DA-X4F resin (4% cross linkage; particle diameter, 11 +1 Lm), which allowed the column length to be decreased from 280 mm to 190 mm without impairing the resolution. Separation time was shortened to 3.5 h. The gradient used with the DA-X4F resin is not the same as that used with the DA-X4 resin.
Many separation problems in carbohydrate chemistry can be solved by using only one buffer for elution. A 0.4 mol/liter borate buffer of pH 9 proved to be an efficient eluent. A further advantage of onebuffer separation is that no re-equilibration of the column is necessary after a separation.
High resolution, sensitivity, and speed make the sugar analyzer described here a suitable instrument for analysis of carbohydrates of body fluids. Figures 6 and 7 show examples of carbohydrate chromatograms of a normal urine (Figure 6 ) and of a pathological urine (Figure 7 ) from a patient with an undiagnosed disorder of carbohydrate metabolism. These chromatograms were completed in less than 5 h after injecting 100 l of urine.
Chromatograms of cerebrospinal fluid may give valuable information to neurologists or internists. The chromatogram shown in Figure 8 is that obtained for 50 l of ultrafiltered cerebrospinal fluid into the sugar analyzer, with use of a one-buffer eluent.
